The main idea of the proposed technique is to find the resulting distorted baseband signals I and 0, to extract distortion components and to inject these components into the original baseband signal with the same magnitude and opposite phase to compensate for the distortion generated by a PA non-linearity. In real system, tuning of the coefficients near injected distortion components must be provided in order to achieve the best linearization.
Figure 1. Block diagram of the proposed linearizer
Where I and 0 -are initial baseband signals. Therefore, predistorted input signal can be written as:
V~PD (t) =V(lDPD COSOJt -QDPD sin OJt)
The main idea of the proposed technique is to find the resulting distorted baseband signals I and 0, to extract distortion components and to inject these components into the original baseband signal with the same magnitude and opposite phase to compensate for the distortion generated by a PA non-linearity. In real system, tuning of the coefficients near injected distortion components must be provided in order to achieve the best linearization.
The predistorted I and 0 signal for the 3 rd -order polynomial model look like [1]:
After passing though PA non-linearity (1), this signal will produce distortion components, which eliminate each other at the fundamental frequency. In [1] it was shown that only the odd components of the non-linear model (1) bring distortion to the fundamental signal. This explains appearance in (2)-(3) only coefficients g1 and g3, but not g2.
A block diagram of the proposed linearizer is shown on Fig. 1 . It realises mathematical operations with I and o signals described by (2)-(3). The improvements in linear performances achieved by using described baseband DPD Iinearizer (Fig. 1) for a WiMax OFDM signal are presented in the following section.
Abstract -For the signals with high peak-ta-average ratio (PAR), such as WiMax OFDM, power amplifiers need to operate in a compression mode. It results in a non-linear distortion of the output signal. To compensate for this distortion, linearizers are used. However, they decrease efficiency of amplifiers. This paper proposes to use a digital predistortion of baseband signals, which is characterized by a small impact on efficiency and a good linearizing performance, for linearization of OFDM transmitters. The paper describes design of a baseband predistorter and verifies its performances by WiMax OFDM simulations in ADS. Proposed predistorter brings significant improvements in AM/AM characteristic, eliminates spectrum re-growth, decreases adjacent channel power ratio (ACPR) and error vector magnitude (EVM).
I. Introduction
Modern standards of wireless communication systems, such as UMTS and WiMax, are characterized by high peak-to-average ratio (PAR). High PAR and high efficiency demands lead to severe requirements for power amplifiers (PA). To satisfy these requirements, PAs need to operate in a compression mode. Operation in a nonlinear mode degrades performances of the output signal. Therefore, linearizing techniques should be introduced to minimize the output distortion. The most rapidly developing linearization technique is digital predistortion (DPD). This is a popular and reliable technique that allows minimising output distortion and spectral re-growth, as well as maximizing power efficiency by digitally processing the input signal to produce a highly linear output [1], [3] . The most developed DPD methods are look-up-table (LUT) and polynomial. Both of them need a feedback loop, adjuster and complex LUT or polynomial block. That makes the whole DPD circuit complicated and big size.
In this paper, a baseband signal injection digital predistortion method is proposed. Its main advantages are small size, high efficiency and low cost due to the absence of feedback loops. Moreover, described linearizer is simple for realisation and provides good Iinerizing performances, which has been proved by the WiMax OFDM simulation results.
II. Description of the Baseband DPD
Theoretical analysis of a signal distortion after passing PA in saturation has been presented in our previous paper [1] . Non-linearity of the amplifier is expressed in a polynomial form (1). The distorted signal includes new spectral components at fundamental frequency and new terms at double, triple, etc frequencies.
(1)
Where ViN is the input voltage of the PA and g1, g2, g3 are coefficients of the nonlinear terms.
III. WiMax OFDM Simulation Results
In order to demonstrate linearizing performances of the proposed baseband predistorter (Fig. 1) , Advanced Design System (ADS) simulations were carried out with a 256-0FDM 640AM WiMax signal. 
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-IOO o -I~0-+-r-"""-r--r---1r--r--t"-,-;-.,.. Initial I and Q signals for 64-QAM modulation with 2 3 =8 possible levels are generated in the signal source. These signals are then predistorted according to (2)-(3) in the digital predistorter. Subsequently, they are passed through low-pass filters and multiplied by V in order to achieve a proper level for the modulator input (Fig. 1) .
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Adjusted I and Q signals are modulated for 256-0FDM 64-QAM WiMax signal in the modulator with 3.5 GHz RF carrier frequency, 7 MHz bandwidth, and frequency spacing of 31.25 kHz.
Achieved RF signal further goes to a WiMax PA, which operates in a compression mode. The PA performances were investigated for two cases: passing through WiMax signal with and without digital predistortion.
Changing input power from -40 to 25 dBm, the AM/AM characteristics were obtained (Fig. 2) . The dotted line represents output power verses input power for the case without DPD and solid line -for the one with DPD. As can be observed from the graph, amplifier goes into compression mode at 0 dBm input without predistortion; while after DPD, compression begins to appear at input of more than 10 dBm. Moreover, after implementing DPD this part is not as curved as before.
Investigations of the impact of proposed DPD on ACPR and EVM were carried out. In order to investigate ACPR, the offset of 8 MHz for both low and up channels has been chosen. The output power was considered for the range -5 ... 30 dBm. Corresponding graphs are shown on Figure 3 . As can be seen from the graphs, predistortion brings improvement of 8... 10 dB in ACPR. Figure 4 shows simulation results for EVM for the considered signal with and without predistortion. According to the WiMax standard, it should not be more than 2.70/0. Fig.  4 demonstrates that the proposed method brings Improvement into EVM characteristic.
Furthermore linearizer was investigated for spectrum re-growth. Figure 5 shows output signal spectrums with and without predistortion for O-dBm input power. 21 dB improvement was achieved by using the proposed method (Fig. 5) . 
IV. Conclusion
A baseband injection technique for linearization of power amplifiers has been presented. Performances of the digital predistortion circuit have been investigated. The 256-0FDM 64-QAM WiMax signal with 3 GHz carrier, 7 MHz bandwidth and 31.25 kHz spacing between channels was used. Spectrum re-growth, transfer function, ACPR and EVM improvements were achieved. Spectrum regrowth improvement of 21 dB was obtained for O-dBm power input. Proposed linearizer circuit is small-size, low cost, and easy to implement. 
